An unknown environmental agent has been suspected to induce systemic lupus erythematosus (lupus) in man. Prompted by our recent immunochemical findings, we sought evidence for an association between Epstein-Barr virus infection and lupus. Because the vast majority of adults have been infected with Epstein-Barr virus, we chose to study children and young adults. Virtually all (116 of 117, or 99%) of these young patients had seroconverted against Epstein-Barr virus, as compared with only 70% (107 of 153) of their controls (odds ratio 49.9, 95% confidence interval 9.3-1025, P < 0. 00000000001). The difference in the rate of Epstein-Barr virus seroconversion could not be explained by serum IgG level or by cross-reacting anti-Sm/nRNP autoantibodies. No similar difference was found in the seroconversion rates against four other herpes viruses. An assay for Epstein-Barr viral DNA in peripheral blood lymphocytes established Epstein-Barr virus infection in the peripheral blood of all 32 of the lupus patients tested, while only 23 of the 32 matched controls were infected (odds ratio > 10, 95% confidence interval 2.53-infinity, P < 0.002). When considered with other evidence supporting a relationship between Epstein-Barr virus and lupus, these data are consistent with, but do not in themselves establish, Epstein-Barr virus infection as an etiologic factor in lupus.
Introduction
Systemic lupus erythematosus (lupus) is an idiopathic disease characterized by variable inflammatory destruction of skin, joints, blood elements, kidneys, serosa, nervous system, and other tissues (1) . In addition, the presence of autoantibodies, as manifest most consistently by a positive antinuclear antibody test, are nearly universal in lupus. A variety of autoantibodies are found in the serum of lupus patients, and constitute evidence that lupus is an autoimmune disease.
We have sought an etiology for lupus based upon the assumption that an understanding of the structural relationships between antigen and antibody would lead towards the immune responses that we have presumed are responsible for initiating lupus autoimmunity. Autoantibodies against the spliceosome, also referred to as anti-Sm and anti-nRNP, are common in lupus, being found in ‫ف‬ 25-40% of patients. Autoantibodies binding the peptide PPPGMRPP, derived from the amino acid sequence of Sm B/B Ј , appear to be among the earliest to develop in the humoral autoimmune response against the B/B Ј protein of the Sm antigen (2) . Immunization with this peptide induces lupus-like autoimmunity in animals (2) , as does immunization with the closely related sequence PPPGRRP, found in the Epstein-Barr nuclear antigen-1 (EBNA-1; 3). 1 Perhaps these structural and immunogenic relationships between EBNA-1 and the fine specificity of the autoantigenic history of the spliceosome in lupus reflect an etiology of lupus. It is possible that an immune response directed against PPP-GRRP of EBNA-1 develops antibodies that cross-react with PPPGMRPP in the spliceosome, inducing lupus autoimmunity in some patients after a molecular mimicry mechanism.
If the hypothesis that Epstein-Barr virus is a possible etiology for lupus were true, there must be an association between Epstein-Barr virus infection and lupus. Such an association would not prove this hypothesis; however, the absence of an association would disprove the hypothesis. The lifelong latency of this virus after infection and the constant immune stimulation deriving therefrom make this virus an intriguing candidate for an environmental agent capable of inducing lupus. The high prevalence of Epstein-Barr infection in adults ( ‫ف‬ 95% have been infected and are presumed to carry the virus [4] ) would mean that other factors must also be important if Epstein-Barr virus was shown to be a required participant.
To have sufficient statistical power to determine whether the predicted association between Epstein-Barr virus and lupus exists, the experiments were performed in children and young adults (all Ͻ 20 yr of age) where the frequency of virus infection in normal individuals is substantially lower than that found in the adult population. In the United States, about half of the population is infected with Epstein-Barr virus between the ages of 10 and 20 yr (4).
We are not the first to explore a relationship between Epstein-Barr virus and lupus. The first serious attempt was published over a quarter century ago (5) . Despite the dramatically less sensitive and specific methods available at that time, a higher level of antivirus antibody was found in these patients than in the controls. The ratio of patient to control titer was 6.14:1 ( P Ͻ 0.001 from data in reference 5). Some of these same authors found inconsistent results in subsequent studies published in 1973 (6, 7) . Since then, the prevailing opinion has been that lupus is not directly related to Epstein-Barr virus infection. We reexamine this question using the much more reliable technologies now available, and an experimental design chosen to improve statistical power. The results obtained demonstrate an association between lupus and Epstein-Barr virus infection sufficiently powerful to suggest that Epstein-Barr virus infection is in some way related to the vast majority of lupus cases.
Methods
Patients and controls. All subjects were between 4 and 19 yr of age. Lupus patients satisfy the 1982 criteria for lupus (1) . The Oklahoma City lupus patients and controls were similar by age (15.79 Ϯ 2.15 and 15.40 Ϯ 2.51 yr), race (European-American, 53 and 59%; African-American, 27 and 23%; Hispanic, 10 and 9.5%; and other, 10 and 8.5%), and sex (85 and 82% female). Controls in the San Diego group were selected from siblings. For the matched case control study, controls were matched for age ( Ϯ 2 yr), sex, race, and social situation (cases selected controls when possible). In addition, we have two collections of children with other rheumatic diseases, juvenile rheumatoid arthritis, and myositis. These serum samples were generously provided by Dr. Morris Reichlin and the Childhood Myositis Heterogeneity Study Group.
Serologic assays. Antinuclear antibody assays, antispliceosomal antibodies, antispliceosomal antibody absorptions, and IgG levels were performed as previously described (8) (9) (10) .
Antiviral assays were performed as instructed by Wampole Laboratories (Cranberry, NJ), or for retesting by Gull Laboratories (Salt Lake City, UT). The assay methods and analysis are presented as units of the international standardized ratio (ISR), which is designed to be as accurate as possible for precise detection of seroconversion.
Since the ISR is linear with the optical density, the higher levels of antibody will be relatively underestimated. Nevertheless, the ISR is a semiquantitative measure of the relative level of antibody.
Epstein-Barr virus DNA detection. The Epstein-Barr virus DNA assay was modified from previous methods (11, 12) using peripheral blood mononuclear cell DNA and the PCR with the forward 5 Ј -CCA-GAGGTAAGTGGACTT-3 Ј and reverse primers 5 Ј -GACCGGT-GCCTTCTTAGG-3 Ј . A positive result produced a 122-nucleotide (nt) DNA fragment that was sequenced and found to be identical to the previously published sequence (position 14,614-14,735, Genbank accession no. V01555). PCR products were Southern-blotted with a [ 32 P]dCTP-labeled probe corresponding to positions 14,639-14,676. This fragment was cloned into pCRII and sequenced using the dideoxy method (13) . The sequence obtained matched the expected DNA sequence exactly. Flanking primers (position 14,557-14,574 and 14,759-14,776) were used to confirm results.
For every specimen from which DNA was isolated, six PCRs were evaluated, each containing 2 g of mononuclear cell DNA. Reactions contained 50 mM KCl, 10 mM Tris-HCl at pH 8.0, 1.5 mM MgCl 2 , 0.1% Triton X-100, and 0.2 mM each of dNTP, 0.5 M primer, and 2.5 U Taq DNA polymerase. Hot-start protocol was performed using Ampliwax PCR Gems (Perkin-Elmer, Branchburg, NJ). The cycles used were as follows: 2 min at 95 Њ C, 1 min at 59 Њ C, 1 min at 72 Њ C (twice); 2 min at 94 Њ C, 1 min at 58 Њ C, 1 min at 72 Њ C (twice); 1 min at 94 Њ C, 1 min at 57 Њ C, 45 s at 72 Њ C (31 times); and 5 min at 72 Њ C.
All samples that were negative for Epstein-Barr virus DNA by the first set of primers were tested for expansion of a 132-nt fragment of 60 kD Ro: (forward) 5 Ј -CATGAAATGTGGCATG TGGG-3 Ј and (reverse) 5 Ј -AGATCTTTGTGAGACCAGCC-3 Ј . The expanded fragment was present in every sample tested.
All samples negative for Epstein-Barr virus DNA were also tested by PCR for a unique set of polymorphisms from the M13 Map Pair primers from D1S1589, D2S1328, D6S1027, D1S1678, D18S535, and DXS6810 (Research Genetics, Huntsville, Alabama). PCR prod-ucts were separated, and DNA sequences were obtained on a model 4000L DNA sequencer (LI-COR, Lincoln, NE).
Statistics. The Breslow-Day test was used to test for homogeneity of odds ratios by site of subject colection. The mid P exact confidence intervals for the odds ratios were calculated using EXACT (Version 2.0b). The probability of the observed frequencies of seroconversion was calculated by the Fisher exact test. SAS programs (Sas Institute, Cary, NC) were used for stepwise logistic regression. Where normal distributions could not be assumed, nonparametric testing, including median, 25-75% interquartile ranking (IQR), and Wilcoxan Rank test of the means were also calculated by the SAS programs. The binomial test was used to calculate probabilities for the discordant matched cases and controls. To estimate odds ratios when relevant zero cells were encountered, one was added to all cells.
Results

Anti-Epstein-Barr virus viral capsid antigen antibodies (anti-EBV-VCA).
To test for an association between lupus and serologic conversion against Epstein-Barr virus, serum (or plasma) from young lupus patients was collected in Oklahoma City. Local controls were assembled to reflect the age, racial composition, and sex of the cases. The preliminary analysis of the cases and controls collected in Oklahoma City suggested that an association between lupus and anti-EBV-VCA antibodies was present. This finding was confirmed as the collection was enlarged (Table I) .
Confirmation of this association was also sought by repeating the experiment in a second group of cases and controls. A previously assembled collection of sera from families with a pediatric lupus proband from the San Diego area was evaluated for Epstein-Barr virus seroconversion by the anti-EBV-VCA assay. Sera simultaneously collected from the siblings of the San Diego probands were used as controls.
The young lupus patients from both the Oklahoma City and San Diego cohorts have a much higher rate of EBV-VCA seroconversion than do their respective controls (Table I) . Indeed, the Breslow-Day test suggests that the EBV-VCA seroconversion rates of patients and controls collected in Oklahoma and California are statistically homogeneous ( P Ͼ 0.05), and therefore may be combined.
Of the entire collection of 117 young lupus patients, 116 have seroconverted against EBV-VCA (Table I) only 70%, or 107 of 153 of the controls, have seroconverted against EBV-VCA. In these patients and controls, Epstein-Barr virus seroconversion is very closely associated with lupus, with an odds ratio of 49.9. The 95% confidence interval for the odds ratio is quite broad (9.3-1035), suggesting that while the association between EBV-VCA seroconversion is convincing, knowing the true magnitude of the association will require a much larger collection of patients and controls. The likelihood that the distribution observed could have occurred by chance is, however, vanishingly small ( P Ͻ 0.00000000000421). Anti-EBV-VCA IgM was tested in 23 lupus patients' sera and 22 controls to assess if children with SLE have an abberrant IgM-EBV response, or if seronegative controls have been recently exposed to EBV. No anti-EBV-VCA IgM was found in any of these sera. These results suggest that of those who have anti-EBV-VCA IgG evidence of seroconversion, infection with Epstein-Barr virus was in the immunologically distant past.
We have evaluated two groups of control sera from children with other autoimmune rheumatic diseases. 38 children with juvenile rheumatoid arthritis have been tested for IgG binding to EBV-VCA. 29 of the 38 children (72.1%) have evidence of previous exposure to EBV. We have tested 36 childhood myositis patients' sera for anti-EBV-VCA antibodies. 26 of 36 children (72.2%) with clinical and serological evidence of myositis had antibodies to EBV-VCA. Neither of these rheumatic disease subsets showed a significantly greater incidence of EBV exposure than did sera from the two groups of normal control children presented above. An association between either childhood myositis or juvenile rheumatoid arthritis and seroconversion against Epstein-Barr virus would appear to be unlikely, especially at the level found in the two cohorts of young lupus patients presented above.
The powerful association of Epstein-Barr virus seroconversion with lupus has the potential to reorient much thinking concerning the origin of lupus unless the association is explained by some relatively trivial issue. A series of experiments were therefore performed to assess the potential that this close association could be the result of an experimental artifact. We measured the extent of autoantibody cross-reaction with EBV-VCA for the specific example of the spliceosome (Sm/ nRNP) by absorption. IgG levels were compared between lupus patient and normal control sera in an effort to assess a possible contribution of hypergamma-globulinemia. In addition, seroconversion against four other herpes viruses was measured. Finally and most importantly, a technically independent assay was developed and applied that directly detected the presence of Epstein-Barr virus DNA in lupus cases and their matched controls. All of these experiments supported a close association between Epstein-Barr virus infection and lupus, as presented below.
Antispliceosomal antibody absorption. Cross-reactivity between EBV-VCA and the spliceosome was evaluated by testing for anti-EBV-VCA antibodies before and after absorbing the antispliceosomal autoantibodies from five anti-Sm precipitin-positive lupus sera. These sera were specifically selected because their primary autoantibody responses were directed against the spliceosomal proteins. Absorption reduced the antispliceosome activity as measured by binding to the purified bovine nuclear ribonucleoprotein (the U1 particle) by at least 90%, and reduced the fluorescent antinuclear antibody binding by an average of 97% (thereby supporting the contention that the spliceosome is the major autoantigen in these particular anti-Sm precipitin-positive patients). Absorption reduced the IgG anti-EBV in these sera by an average of 8%, but did not alter the EBV seroconversion status of any of these anti-Sm precipitin-positive lupus sera (supporting the absence of a quantitatively relevant level of IgG cross-reactivity between EBV-VCA and the spliceosome).
IgG levels. Nonspecific binding is sometimes found in lupus sera. One explanation for positive results as a result of nonspecific binding is the hypergammaglobulinemia found in some lupus sera. IgG levels were assessed in 28 of the lupus sera and in 28 of the control sera. These control sera were primarily siblings of the lupus probands. The IgG levels were not different between these groups, nor did the IgG level correlate with the level of anti-EBV-VCA (data not presented). The mean level of IgG in lupus patient sera may have been lowered by the inclusion of many patients who had been treated with high-dose prednisone ( Ͼ 40 mg/d) and cytotoxic agents. The level may have been increased in the controls, because most of those selected (19 of 28) were relatives of lupus patients.
Alternative EBV-VCA preparation. To be certain that the binding to EBV-VCA by lupus sera was not an artifact of the particular EBV-VCA preparation, a second source of this antigen was used. We re-tested 32 lupus sera and 47 control sera. In the lupus patients, the two assays for Epstein-Barr virus seroconversion produced identical results. There were only minor differences in the control sera where three that had earlier been equivocal, and hence seronegative, were anti-Epstein-Barr virus-seropositive in this second assay. This experiment confirmed the unexpectedly high frequency of Epstein-Barr virus seropositivity in lupus patients (odds ratio ϭ 19.24; 95% confidence interval [CI] ϭ 3.06-121.1).
Seroconversion against other herpes viruses. The Oklahoma City and San Diego cases and controls were evaluated for IgG against four other herpes viruses: cytomegalovirus, herpes simplex virus types 1 and 2, and varicella zoster virus. The differences in the seroconversion rates against these viruses between cases and controls (Table II) were much smaller than those ob- served against Epstein-Barr virus ( Table I ). The odds ratios for a seroconversion rate difference for cytomegalovirus and varicella zoster did not differ significantly from unity. There were potentially significant differences between patients and controls for herpes simplex virus types 1 and 2. For herpes simplex type 1, the Breslow-Day test shows that the Oklahoma City and San Diego results are not sufficiently different to require separate analyses. This outcome may be the result of a relatively small sample size of the groups being tested, since the Oklahoma City collection has an odds ratio of 2.4 (nearly twice that of 1.1 found in the San Diego collection). In any case, this seroconversion difference is unlikely to be important since it is of relatively small magnitude and is not consistently found in both collections of patients and controls.
On the other hand, there is a higher rate of seroconversion against herpes simplex virus type 2 in the cases than is found in the controls from both sites. Also, the odds ratios are similar, and the cumulative significance is consistent with this being a difference between young lupus patients and controls in both communities. Relative to the odds ratio for an association of lupus with Epstein-Barr virus (odds ratio ϭ 49.9), however, the odds ratio for an association with herpes virus type 2 (odds ratio ϭ 2.03) is small (Tables I and II) .
To determine whether there might be an independent association of lupus with Epstein-Barr virus and herpes simplex virus type 2, stepwise logistic regression was applied to these data using lupus as the dependent variable and the seroconversion status of all five viruses as independent variables. Epstein-Barr virus is incorporated into the model first (odds ratio ϭ 49, score 2 ϭ 39, degrees of freedom [df] ϭ 1, P ϭ 0.0000000005).
The residual 2 is so small ( 2 ϭ 6.8, df ϭ 4, P ϭ 0.15) that no further model building is indicated. In these cases and controls, the association between lupus and Epstein-Barr virus is 10 8fold more significant than it is between lupus and any of the other viruses evaluated. Consequently, beyond the effect of Epstein-Barr virus, none of the other viruses make a meaningful contribution to the overall model, and the high level of Epstein-Barr virus seroconversion cannot be explained by the presence of nonspecific antiviral antibodies.
Levels of antiherpes virus antibodies. The specific association between Epstein-Barr virus seroconversion presented above (Table I) is dependent upon the quantitative levels of antibody only to the extent that the threshold for seroconversion has or has not been exceeded.
The ISR difference of anti-EBV-VCA antibodies between the lupus patients and their controls is impressive: 4.30 vs. 1.92 ISR ( Z ϭ 10.69, P ϭ 1.13 ϫ 10 Ϫ 26 ). The differences in the levels of the other antiherpes antibodies is much smaller (Fig. 1 ). Of these, only antibodies against the herpes simplex virus types 1 and 2 appear to achieve significance ( Z ϭ 3.59, P ϭ 0.00034; and Z ϭ 5.41, P ϭ 6.1 ϫ 10 Ϫ 8 , respectively), again in concert with the results obtained above by assessing seroconversion rates.
Epstein-Barr virus DNA assay. In aggregate, the data presented above support a specific association between Epstein-Barr virus seroconversion and lupus. To test rigorously the prediction that Epstein-Barr virus infection is associated with lupus, a matched case control study has also been performed using the presence of DNA from Epstein-Barr virus in peripheral blood mononuclear cells as evidence for Epstein-Barr vi- rus infection. A very sensitive assay for Epstein-Barr virus DNA was developed based on previous work (11, 12) and by exploiting a nucleotide sequence that is repeated eleven times in the Epstein-Barr virus genome (11) .
A total of 32 lupus cases and their matched controls were evaluated for Epstein-Barr virus infection. We asked each case to provide a control matched for age ( Ϯ 2 yr), sex, race, and social circumstances. Seven siblings, 4 cousins, and 12 friends were provided. For those cases that did not provide matched controls, the investigators recruited a matched control (at enrollment, the Epstein-Barr virus seroconversion status of controls was unknown to the investigators). Epstein-Barr virus DNA was assayed in a total of 12 g of mononuclear cell DNA divided into six reactions from each case and control (Fig. 2 ). Cases and their matched controls were either concordant ( Fig.  2 A ) for the presence of Epstein-Barr virus DNA, or were dis-cordant ( Fig. 2 B ) where Epstein-Barr virus DNA was found in one or the other, but not in both. Control experiments demonstrate that DNA is present and unique from each individual in whom Epstein-Barr virus DNA was not detected. Examples of these data are presented in Fig. 2 A, lanes 2-7) and its matched control (lanes 9-14) have Epstein-Barr virus DNA in every PCR reaction tested. B presents a discordant pair where the lupus case has Epstein-Barr virus DNA (lanes 2-7) , while its matched control does not (lanes 9-14) . Lane 15 is a control with no added DNA. The products of the PCR using primers from the 60-kD Ro gene (nucleotide nos. 453-472 and 584-565) demonstrate that the PCR conditions will expand DNA in the control subjects who have apparently not been infected by Epstein-Barr virus. D and E present the polymorphisms at D1S1589 and D6S1027 found in the unique DNA from all controls with no Epstein-Barr virus DNA. was retested, and had become Epstein-Barr virus-seropositive during the interval between specimens. The second subject was not available for retesting. Consequently, the Epstein-Barr virus DNA assay and Epstein-Barr virus seroconversion assay support the same conclusion: that there is a very close association with Epstein-Barr virus infection and lupus. Indeed, if the difference in the frequency of Epstein-Barr virus infection between controls and lupus patients is because Epstein-Barr virus causes lupus, then from the data in Table I the fraction of lupus cases attributable to Epstein-Barr virus infection is 98% (CI-95%, 85-99.7%).
Discussion
An association of lupus with Epstein-Barr virus infection has been found. Considered alone, the observed association of lupus with Epstein-Barr virus infection is consistent with three origins: a susceptibility for lupus in Epstein-Barr virus-infected persons, a susceptibility for Epstein-Barr virus infection in patients who previously developed lupus, or a third factor that causes independent susceptibilities to both Epstein-Barr virus infection and to lupus. At this time there is no evidence for such a third factor in this situation, but its existence must remain a formal possibility.
There are no data available to support an unusual and extreme susceptibility to Epstein-Barr virus in young lupus patients, and no mechanism for such a susceptibility is now known. Nevertheless, lupus is characterized by abnormally activated B cells, and a subset of B cells are the target for and site of Epstein-Barr virus infection. Perhaps the intrinsic resistance to Epstein-Barr virus infection is much lower in lupus patients because of the immunoregulatory changes that occur as a consequence of the disease. This possibility could only be eliminated from consideration by the demonstration that Epstein-Barr virus infection almost always precedes the onset of lupus. Unfortunately, no data exist with which to decide this issue. Consequently, a susceptibility to Epstein-Barr virus infection in lupus patients remains a plausible explanation for the observed association.
Fortunately, we are not restricted to considering the association of Epstein-Barr virus infection with lupus in the absence of insights from other work on Epstein-Barr virus or on lupus. Once the influence of confounding technical issues is removed, there is much consistent with the possibility that lupus arises in individuals who have been previously infected with Epstein-Barr virus, and is no observation that eliminates this possibility from consideration. Indeed, the experiments herein establishing association between Epstein-Barr virus and lupus were attempted as a test of the hypothesis that Epstein-Barr virus is an etiologic factor in the development of lupus. This hypothesis arose from immunochemical studies that suggested some of the critical features for a molecular mechanism, beginning with a structure from Epstein-Barr virus and culminating in one of the forms of lupus autoimmunity (2, 3) .
The antigenic relationships between peptides from EBNA-1 and Sm B/BЈ (2, 3) have suggested a possible mechanism for generating antispliceosomal autoimmunity, and may partially describe one of the ways in which Epstein-Barr virus-infected individuals can be predisposed to lupus (Fig. 3) . First, Epstein-Barr virus is postulated to infect a susceptible person who is otherwise predisposed by genetics and environment to develop lupus. While virtually all people infected with Epstein-Barr virus develop anti-EBV-VCA antibodies, many also generate antibodies to other viral constituents, including EBNA-1. Among these, it is postulated that a few people may eventually develop antibodies to the PPPGRRP epitope on EBNA-1 which cross-reacts with the PPPGMRPP epitope on the spliceosome. The spliceosome is then processed as an antigen, and is presented to the immune system in a way that has not oc- curred previously, and against which tolerance has either not developed (immune ignorance) or is relatively weak. Lupus autoimmunity and clinical illness then result. There is no requirement in this model for either Epstein-Barr virus or any of the antibodies directed against it to be found in immune complexes, or to be deposited at sites of injury. The cross-reaction of antibodies capable of binding both PPPGRRP as found in native EBNA-1 and PPPGMRPP as found in the native spliceosome ( Fig. 3 B) may be a critical step allowing lupus autoimmunity to develop for some individuals ( Fig. 3 A) . Under this scenario we immunized animals with the selected peptides as previously reported (2, 3) . This immunization with peptide bypasses the very complicated immune response against the chronic viral infection out of which lupus autoimmunity arises in the natural state. The peptide immunization directly induces a vigorous immune response against a structure that is capable of setting the immune system on a course toward lupus autoimmunity (2, 3) . Not only are the anticipated cross-reacting antibodies observed, but also other characteristic features of lupus-like autoimmunity occur in the susceptible animals.
Of course, many steps in this hypothetical scenario for initiating lupus remain to be established. As emphasized above and at the most basic level, if this sequence of events is true, then Epstein-Barr virus infection must precede the onset of lupus. This prediction has not been tested. In addition, whether or not the many humoral autoimmune manifestations of lupus, such as antiribosomal P, anti-Ro (or SS-A), anti-La (or SS-B), or even anti-nRNP, develop by analogous molecular mimicry mechanisms, must necessarily be the subject of other work. Perhaps the binding of La to the EBER RNAs encoded by Epstein-Barr virus and expressed in some infected cells (14) provides an alternative mechanism.
If one accepts that lupus is essentially a humoral autoimmune disease, then another prediction of the hypothesis that Epstein-Barr virus causes lupus is that the immune response against the virus must have critical distinguishing characteristics that would allow lupus autoimmunity to be initiated. At most, we could consider present knowledge to provide only suggestive clues for what these critical distinguishing characteristics might be. On the other hand, there are many differences between lupus patients and normal controls in their immune responses to Epstein-Barr virus, consistent with the existence of lupus autoimmunity-inducing differences in the immune response.
For example, when comparing lupus sera to control sera, several investigators have detected increases in the level or differences in the fine specificity of anti-early antigen, antimembrane antigen, anti-EBNA-1, EBNA-2, or EBNA-3 (15) (16) (17) (18) (19) (20) . In two studies these findings do not appear to be explained by polyclonal B cell activation, since titers to other antigens, measured concurrently, were not elevated (18, 20) . In addition, the only published study systematically examining the immune response to EBNA-1 peptides outside of the glycine-alanine repeat showed several significant differences between adult lupus patients and normal controls (18) . Of the 11 different peptides studied, 3 of these peptides were commonly bound by lupus patient sera at a higher level than that found in normal control sera. In addition, the increased binding to PPPGRRP (from EBNA-1) by lupus sera containing anti-Sm and anti-nRNP has also been appreciated (21) . Recent preliminary studies from our laboratory with over 400 overlapping oc-tapeptides spanning the EBNA-1 protein show that pediatric lupus patient sera consistently bind different regions of EBNA-1 than do their matched, anti-EBV-VCA-positive controls (J.A. James and J.B. Harley, unpublished data). Among these differences is the tendency for normal sera to bind the glycine-alanine repeat of EBNA-1 while lupus sera do not generally bind this amino acid repeat. In contrast, a glycinearginine repeat that is found in both EBNA-1 and Sm D is more antigenic for lupus sera than it is in control sera (22) (23) (24) (25) (26) . These findings are consistent with the possibility that there may be multiple antigenic relationships between lupus and Epstein-Barr virus, and that critical ones vary among lupus patients.
Other features that may allow or encourage a role for Epstein-Barr virus in lupus include virus latency (4) and deficiency in the T cell immune suppression required to contain this infection. In a study by Tsokos et al. (27) , T cells of SLE patients have been shown to be deficient in their ability to suppress the outgrowth of Epstein-Barr virus-infected B cells from in vitro-infected peripheral blood cells. Latency and the immune response against the virus are different aspects of the same process; the virus has many molecular features that appear to encourage latency and discourage an infection-terminating immune response. The glycine-alanine repeat appears to be responsible for the described defects in antigen processing of EBNA-1 (28). Indeed, normal individuals do not mount cytotoxic T cell responses against EBNA-1 (28). Apparently, the glycine-alanine repeat of EBNA-1 appears to inhibit HLA class I peptide presentation from EBNA-1, thereby inhibiting T cell immunity against this antigen (28). This incompletely understood effect may profoundly influence the immune response, though its importance to the pathogenesis of lupus is not known.
Epstein-Barr virus has an IL-10-like gene that has many similar and some different activities relative to human IL-10 (29). For example, both human and viral IL-10 inhibit apoptosis in T cells recovered from patients with infectious mononucleosis (30) . Clearly, viral IL-10 has the potential to influence the immune response to the virus (31, 32) .
Epstein-Barr virus also infects B cells, which then become dysregulated and proliferate. Indeed, apoptosis of B cells is abnormal as a consequence of Epstein-Barr virus infection which, thereby, has the potential to favor development of autoimmunity (33) . Epstein-Barr virus can increase B cell survival of latently infected cells both by upregulating cellular bcl-2 and through an Epstein-Barr virus-encoded protein, BHRF1. BHRF1 has amino acid sequence similarity and a molecular action similar to bcl-2 in that this gene inhibits apoptosis in B cells (34). Interestingly, when transgenic mice are stimulated to overproduce bcl-2 they develop a syndrome of lupus-like autoimmunity and immune complex-mediated, cresentic glomerulonephritis (35) . Epstein-Barr virus infection is also well known to induce the production of autoantibodies during acute infection (25, 36) .
When the association between Epstein-Barr virus and lupus described herein is considered in the context of other studies, the aggregate of what is known is consistent with the intriguing possibility that Epstein-Barr virus infection is required, but not alone sufficient, for development of systemic lupus erythematosus in most patients. We look forward to the results of those subsequent experiments that will support and establish or disprove this hypothesis.
